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Insomnia predicts the onset, course, and reoccurrence of unipolar depression. However, systematic reviews of treatment options for insomnia in unipolar depression are lacking. After screening 7725 records,
17 trials comprising 1645 patients randomized to 13 treatments were included for quantitative synthesis.
Network meta-analysis showed that compared to a passive control condition, all exercise interventions
except moderate aerobic exercise alone resulted in signiﬁcantly better sleep outcomes. Compared with
treatment as usual, mind-body exercise plus treatment as usual (SMD: 0.46; 95% CI: 0.80, 0.12) and
vigorous strength exercise (SMD: 0.61; 95% CI: 1.12, 0.10) were signiﬁcantly more effective. Pairwise
meta-analyses showed that mind-body exercise (SMD: 0.54; 95% CI: 0.85, 0.23) had beneﬁcial effects compared to passive control. The network meta-analysis is statistically very robust with low heterogeneity, incoherence, and indirectness. However, conﬁdence in the ﬁndings was moderate to very
low, primarily due to within-study bias. This is the ﬁrst network meta-analysis to assess exercise's efﬁcacy to improve sleep quality in patients with depression. The ﬁndings conﬁrm the beneﬁts of exercise
as an add-on treatment for depression. This consolidation of the current state of evidence can help
clinicians make evidence-based decisions.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Insomnia symptoms and insomnia disorder predict the onset,
course, and recurrence of unipolar depression and unipolar
depressive symptoms. Three meta-analyses of prospective cohort
studies show that insomnia symptoms and insomnia disorder
more than double the risk of developing clinical or subclinical
depression [1e3]. Insomnia symptoms have a detrimental effect

Abbreviations: CBT-I, cognitive behavioral therapy for insomnia; HE, health
education; SMD, standardized mean difference; TAU, treatment as usual.
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on treatment trajectory by reducing responsiveness to psychotherapy [4], pharmacotherapy, or a combination of these [5e7].
Sleep disturbances are the most frequent residual symptoms after
remission of a depressive episode [8,9]. They increase the risk for
[10] and seem to be a prodromal symptom of relapse [11].
Insomnia disorder also increases the risk of treatment-resistant
depression [12]. Insomnia symptoms co-occurring with depression increase the risk of suicide [13] and are associated with
myocardial infarction [14]. Sleep disturbances are associated with
a lower quality of life [15], role impairment [16], and the need for
disability retirement in patients with depression [17]. Treatment
of insomnia in patients with depression is, therefore, of paramount importance. Current treatment guidelines for unipolar
depression recommend psychotherapy and pharmacotherapy
[18]. However, symptoms of insomnia persist in approximately
half of the patients who respond to psychotherapy or
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Eligibility criteria

pharmacotherapy for depression [19]. Moreover, co-therapy for
depression and insomnia leads to better outcomes than monotherapy for depression [20]. Treatment guidelines for insomnia
speciﬁcally recommend cognitive behavioral therapy for insomnia
(CBT-I) and pharmacotherapy [21]. However, meta-analyses have
shown that although CBT-I improves subjective sleep quality [22],
CBT-I does not improve polysomnography-deﬁned sleep parameters [23]. Furthermore, CBT-I is often not available due to the
limited number of trained specialists. Hypnotics have a dissatisfactory beneﬁt-to-risk-ratio [24], and patients often prefer nonpharmacological treatment [25,26]. Therefore, further add-on
therapies to treat insomnia in patients with depression are
needed.
Exercise may be such a potential candidate. Exercise performed
to treat depression can mostly be categorized into aerobic, resistance, or meditative movement exercises. Aerobic exercise involves
large muscle groups and consists of repeated movement patterns
that primarily use aerobic energy-producing systems [27]. Resistance exercise entails muscles working against an applied force or
weight [28]. Mindy-body exercises are characterized by slow
movements or body positioning, often combined with breathing
and relaxation [29]. Multiple mechanisms of action might explain
the effect exercise has on sleep. Insomnia is associated with
impaired thermoregulation [30,31], while regular exercise seems to
improve it [32,33]. Acute aerobic [34], resistance [35], and mindbody exercise [36] increase skin temperature, which is conducive
to sleep [37]. Acute exercise also increases the levels of circulating
pro-inﬂammatory cytokines [38], growth hormone, and brainderived neurotrophic factor, which are involved in sleep regulation [39]. Aerobic [40], resistance [41], and meditative movement
[42] exercise decrease psycho-physiological arousal by reducing
anxiety and depression. Indeed, aerobic [43e45], resistance [41],
and meditative movement exercises improve sleep quality [46e48]
in non-depressed individuals.
The rationale for this review is based on ﬁve premises. 1)
Insomnia is highly relevant to the treatment of depression. 2)
Current therapies have a dissatisfactory beneﬁt-to-risk-ratio, and
many patients prefer non-pharmacological therapies. 3) There is
evidence that exercise positively affects insomnia. 4) To the best of
our knowledge, there is no systematic review on this topic focusing
on patients with depression. 5) Network meta-analysis is more
informative compared to a conventional pairwise meta-analysis in
situations where more than one treatment option is available for a
particular clinical condition or if treatments are implemented in
various versions (e.g., different intensities or including different
additional treatment components). Thus, the primary aim of this
systematic review and network meta-analysis was to assess the
effects of aerobic, resistance, and meditative movement exercise on
sleep quality in patients with depression. The secondary aim was to
compare the effects of exercise treatments with the recommended
established treatments for insomnia (including medication and
psychotherapy) as well as with no treatment and active control
comparators.

We included trials which met the following criteria: 1) participants were adults (i.e., 18 years or older) of either sex 2) with a
diagnosis or signiﬁcant symptoms of unipolar depression (determined according to a validated instrument, e.g., ICD-10, Beck
Depression Inventory; in case of self-reported questionnaires
baseline values had to be above the remission cut-off), 3) participants were treated with either aerobic, strength or meditative
movement exercise, 4) the trial included at least one other
comparator group, 5) the trial reported sleep quality as an outcome,
6) the trial employed randomized allocation, and 7) the trial was
reported in English or German. We assessed the eligibility of
treatments using the following deﬁnitions. Aerobic exercise is
deﬁned as any exercise that mainly used aerobic energy-producing
systems and improves cardiorespiratory ﬁtness [27]. Resistance
exercise is deﬁned as “exercise that causes muscles to work or hold
against an applied force or weight” [28]. Meditative movement
exercise is deﬁned as a combination of some form of movement or
body positioning, breathing, and relaxation [29]. Sleep quality was
deﬁned as insomnia symptoms and sleep disturbances measured
with questionnaires. Based on the scoping search, we were conﬁdent that a restriction to randomized controlled trials would not
limit the review on this topic.
We excluded trials if participants 1) were working night-shifts
or 2) suffered from a signiﬁcant somatic disorder, which might
cause depressive symptoms. We placed no restrictions on publication status (i.e., peer-reviewed or grey literature), duration,
setting (e.g., indoor), social context (e.g., group exercises), or level of
supervision of the intervention.
Data collection
We performed a systematic computerized search of the
following online databases from their inception to the search date:
PubMed (on PubMed.gov), EMBASE (on Ovid), Cochrane Library (on
cochranelibrary-wiley.com), PsycINFO (on Ovid), Sportdiscus (on
EBSCOhost), CINHAL (on EBSCOhost), OpenGrey (on opengrey.eu),
ProQuest Dissertations & Theses A&I (on proquest.com),
Clinicaltrials.gov and WHO International Clinical Trials Registry on
April 24th, 2019 and updated the search on February 12th, 2020.
We checked the bibliographies of all included studies as well as any
other relevant reviews for further relevant trials. Lastly, we contacted all authors of the included studies via e-mail in order to
inquire whether they knew of any other relevant publications.
The search strategy was reviewed by an information scientist
from the Basel Medical University Library using the Peer Review of
Electronic Search Strategies (PRESS) guideline [55]. Supplementary
ﬁle 1 section one provides the search strings for each database.
Identiﬁed records were managed using EndNote® X8 (Thomson
Reuters, New York, NY) and Systematic Review AssistantDeduplication Module [56]. We screened the deduplicated records independently by two reviewers (GB and TZS) in two stages
(title and abstract as well as full text) using Covidence [52].
Both reviewers (GB and TZS) extracted data independently.
Disagreements were resolved by consensus. We contacted the authors if necessary data was not reported (see supplementary ﬁle 1
section 2).
The primary outcome was the standardized mean difference
(SMD) of sleep quality assessed via self- or observer reported
questionnaires at post-intervention. Secondary outcomes were
sleep quality at follow-up, objectively (polysomnography, accelerometry) or subjectively (sleep logs, questionnaires) measured
sleep duration, daytime functioning, daytime sleepiness, hypnotics
use, and adverse events. We also extracted information on

Methods
We prospectively registered this systematic review in the International Prospective Register of Systematic Reviews database
(PROSPERO) on February 13th 2019 (PROSPERO CRD42019115705).
A detailed study protocol is available [49]. The only deviation from
the protocol was that we assessed the risk of bias in individual trials
using the original Cochrane tool [50] instead of the 2.0 version [51]
since the new version was not yet implemented in Covidence [52].
This report follows the PRISMA network meta-analysis extension
[53] and AMSTAR2 guidelines [54].
2
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97%) level. A total of 17 trials [61e77] met our inclusion criteria
(see Fig. 1).
These 17 trials yielded post-intervention sleep quality measures
for our analyses, including a total of N ¼ 1645 patients, which had
been randomized to 13 treatments yielding 35 comparisons.
Average baseline depression severity was mostly moderate
[63e65,71,73,74,76,77] or mild [62,69,70,72,75] based on symptom
questionnaires. The remaining trials included patients with severe
depression at baseline [68] or only reported that included patients
scored above clinical cut-offs in validated unipolar depression
questionnaires [61,66,67]. The median of mean age was 47 (range:
25.6e71.3) years. Three trials included older patients only (60
years) [70,75,76]. Four studies were conducted among women only
[62,66,67,74]. The median number of patients per trial was N ¼ 54
(range: 28e472). Patients were allocated to some form of control
intervention (all forms: N ¼ 870; treatment as usual: N ¼ 532;
active control: N ¼ 94; passive control: N ¼ 244), exercise (all
forms: N ¼ 764; aerobic exercise: N ¼ 390; strength exercise:
N ¼ 62; mind-body: N ¼ 312) or meditation (N ¼ 11). The meditation group was included as a comparator in our network, since
one trial [72] randomized patients to one of four groups: low intensity strength exercise, passive control, meditation, and active
control. Treatment as usual (psychotherapy, pharmacotherapy, a
combination of both, or general practitioner care) was the most
frequent comparator [63e65,69,70,73,76,77], followed by passive
control
[61e63,66,67,71,72]
and
mind-body
exercise
[61,62,66,71,74,77] (see Fig. 2). The median group size per allocation
was N ¼ 24 (range: 11e315). The median intervention duration was
12 weeks (range: 4e16 weeks). Most exercise interventions were
either fully (71%) or partially (25%) supervised, while only 4% were
unsupervised. Interventions were most frequently delivered in a
group format (group: 46%, mixed: 17%, individual: 17%, not reported: 21%). Self-report questionnaires were the most frequently
reported outcome measure (Pittsburgh sleep quality index: 47%,
other self-reports: 35%). Trials were conducted in the USA (N ¼ 7),
Europe (N ¼ 3), China (N ¼ 3), Australia (N ¼ 2), Canada (N ¼ 1), and
Brazil (N ¼ 1). None of the trials reported sleep quality as a primary
outcome. Sources of funding for each trial are listed in the
supplementary ﬁle 2 section 3. More detailed baseline descriptive
statistics are given in the supplementary ﬁle 2 section 4. Secondary
outcomes were underreported. Sleep duration [75], daytime functioning [63], and daytime sleepiness [62] were each reported by
one study, whereas hypnotic use was not reported by any trial.
Adverse events were reported only by three trials [62,70,76]. Sleep
quality at follow-up was reported only by four trials [61,72,74,77].
Hence, we did not perform a network meta-analysis for these
secondary outcomes. We observed a high risk for overall risk of bias
in individual trials (see supplementary ﬁle 2 section 5). The highest
risk of bias stems from a lack of blinding participants, personnel,
and outcome assessors. Concerning the remaining four risk of bias
indicators, a lack of information was observed in many studies.
Therefore, the actual risk for the presence of biases in the included
studies remains mostly unknown.
Figs. 3, 4, and Table 1 present the results of the random effectsnetwork meta-analysis based on 17 trials. All exercise interventions, except moderate aerobic training (SMD: 0.31; 95%
CI: 0.62, 0.00) and meditation (SMD: 0.31; 95% CI: 0.99, 0.37),
were more effective in improving sleep quality when compared to
passive control. Active control, mind-body exercise, treatment as
usual, and vigorous aerobic exercise resulted in similar effects.
Combining mind-body exercise (SMD: 0.44; 95 %CI: 0.65, 0.24)
with treatment as usual (SMD: 0.48; 95% CI: 0.75, 0.22)
showed an additive effect (SMD: 0.94; 95% CI: 1.35, 0.54)
compared to passive control. Mind-body combined with treatment
as usual (SMD: 0.46; 95% CI: 0.80, 0.12) and vigorous strength

population characteristics (gender, age, depression severity at
baseline) and potential moderators (e.g., intervention modalities,
concomitant therapy).
Analyses
The geometry of the network was explored graphically (using
the netmeta package [57]), qualitatively (summary of population
and intervention characteristics per node), and quantitatively
(number of included trials, interventions, and comparisons). Two
reviewers (GB and TZS) independently evaluated the risk of bias at
the study level using the Cochrane risk of bias (RoB) tool [50]. These
assessments contributed to the evaluation of overall conﬁdence in
the ﬁndings, which was evaluated using the CINeMA framework
[58].
We expected considerable diversity of outcome questionnaires
and, therefore, calculated SMD using Hedge's g with 95% conﬁdence intervals. We performed the analyses using R version 3.6.3
[59] and the package netmeta [57], which accounts for dependencies between comparisons in the case of multi-arm trials.
Random-effects pairwise SMDs were calculated based on the
available comparisons between treatment and comparator treatments. Inverse variance weighting was used for pooling. Results
from network meta-analysis are presented as summary SMD with
95% conﬁdence and prediction intervals. Also, we conducted
random-effects pairwise meta-analyses for all comparisons with
two or more studies.
The deﬁnition of nodes in a network meta-analysis is not trivial.
However, we are conﬁdent to have deﬁned treatment nodes in a
clinically meaningful way and such that transitivity holds. We have
listed effect modiﬁers (age, gender, baseline depression severity,
intervention characteristics, and outcome measures) as predeﬁned
in our protocol [49] by node in the supplementary ﬁle 2 section 1.
We combined all interventions which are currently recommended
by guidelines (i.e., psychotherapy, pharmacotherapy, general practitioner care) into the node ‘treatment as usual’. The node ‘active
control’ contains treatments that control for non-speciﬁc effects,
e.g., placebo or group dynamics. ‘Passive control’ refers to wait-list
or no-treatment groups. ‘Mind-body exercise’ refer to yoga, qi gong
or tai chi interventions. ‘Light intensity strength’ includes resistance training at maximal 50% of one-repetition maximum.
‘Vigorous-intensity strength’ refers to interventions in which intensity was set to 80% of one-repetition maximum. Aerobic exercise
was classiﬁed according to the deﬁnition of Norton et al., 2010 [60].
‘Moderate aerobic exercise’ includes the following intensities:
55 < 70% of maximal heart rate, 40 < 60% of heart rate reserve, or
RPE 11e13. ‘Vigorous aerobic exercise’ includes interventions at
70 > 90% of maximal heart rate, 60 < 85% of heart rate reserve, or
RPE 14e16.
Further details on data preprocessing (e.g., imputation, data
extraction from graphs) as well as network meta-analysis and
sensitivity analyses can be found in the supplementary ﬁle 2 section 2 and supplementary ﬁle 2 section 9, respectively.
Results
Our systematic search identiﬁed 10,361 records. We included
an additional record [61] based on feedback from authors of
included trials. After deduplication, 7725 studies were identiﬁed
for title and abstract screening and 337 articles were identiﬁed for
full-text review. A list of all studies excluded at the full-text level,
including the reasons therefore, is provided in the supplementary
ﬁle 1 section 4. Interrater-agreement was good at both title and
abstract (Cohen's Kappa: 0.61; percentage agreement: 97%) as
well as full text (Cohen's Kappa: 0.81; percentage agreement:
3
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Fig. 1. PRISMA ﬂow diagram of systematic search and included trials.

Fig. 2. Network geometry of eligible comparisons for sleep quality. Note: node size
corresponds to the number of trials; line width corresponds to the inverse standard
error; abbreviations: HE ¼ health education; TAU ¼ treatment as usual.

Fig. 3. Forest plot of network meta-analysis estimates of passive control vs. other interventions for sleep quality Abbreviations: HE ¼ health education; TAU ¼ treatment
as usual.

(SMD: 0.61; 95% CI: 1.12, 0.10) were the only treatments which
were superior when compared to treatment as usual (see Fig. 4 and
Table 1). Global heterogeneity was low (t2 ¼ 0.003; I2 ¼ 4.3% [0.0%;
56.9%]), and there was no evidence for local (see supplementary ﬁle
2 section 6) or global inconsistency in the model under the
assumption of a full design-by-treatment interaction randomeffects model, Q (10) ¼ 3.27, p ¼ 0.97.
Standardized mean differences at post-intervention between all
comparators of each included trial are presented in the
supplementary ﬁle 2 section 7. No publication bias was detected
and conﬁdence in the evidence was moderate (43% of comparisons), low (39% of comparisons), or very low (18% of comparisons),
see supplementary ﬁle 2 section 8. Average indirectness was low
for most comparisons, see supplementary ﬁle 2 section 1. We
conducted multiple sensitivity analyses as predeﬁned in our protocol and mentioned above. All ﬁndings were conﬁrmed; however,
some effect sizes substantially increased when restricting analyses

to trials which only included participants if they had a formal
diagnosis of depression (i.e., according to DSM or ICD), see
supplementary ﬁle 2 section 9. A juxtaposition of direct, indirect,
and network effect estimates as well as prediction intervals are
presented in the supplementary ﬁle 2 section 10. We did not
perform any subgroup analyses since very low levels of betweenstudy heterogeneity suggest the absence of effect modiﬁers (see
supplementary ﬁle 2). The results of pairwise meta-analyses are
presented in Fig. 5.
Discussion
Principal ﬁndings
In this systematic review and network meta-analysis, we
compared the effects of aerobic, resistance, and mind-body exercises on sleep quality in patients with depression. This systematic
4
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Comparison with other studies
To our knowledge, this is the ﬁrst systematic review and
network meta-analysis of the effects of exercise on indicators of
sleep quality in patients with depression. Previous reviews and
meta-analyses have assessed the effect of exercise on sleep. However, it remains unclear whether these previous ﬁndings are
directly applicable to sleep problems in the speciﬁc population of
patients with depression. Reviews focused on populations that
were either very heterogeneous (e.g., individuals with and without
speciﬁc disorders [41,45] or patients with different mental disorders [78]), had insomnia but no depression [43,79], or were healthy
individuals [80]. An additional limitation of previous reviews is that
they did not differentiate between aerobic, resistance, and mindbody exercises when comparing exercise with passive control or
other treatments [43,78,80e83].
Previous analyses on aerobic exercise included individuals who
were healthy, had sleep problems, or had cancer [45,82,83]. Despite
these vastly different populations, our ﬁndings are similar, albeit
with somewhat smaller effect sizes. Kovacevic et al. [41] is the only
other meta-analysis that speciﬁcally focused on resistance exercise
interventions. We found slightly larger effect sizes in our metaanalytic sample, especially for vigorous strength. Five metaanalyses have previously reported the effects of mind-body exercise. While three [46,82,84] effect size estimates are consistent with
our ﬁndings, two [80,85] reported larger effect sizes. Meta-analyses
that did not differentiate exercise type [43,78,80e83] generally
found similar effect size estimates, except in Mercier et al. [86].
However, they only included patients with cancer, which might
explain the discrepancy.
Meta-analyses show that the effect sizes of hypnotics compared
to placebo (tricyclic antidepressants: SMD -0.39, 95%
CI: 0.56, 0.21; trazadone: SMD -0.34, 95% CI: 0.66, 0.02) [87]
and CBT-I compared to non-active control (Pittsburgh sleep quality
index: Hedge's g ¼ 0.65, 95% CI: 0.51, 0.79; Insomnia severity

Fig. 4. Forest plot of network meta-analysis estimates of treatment as usual vs. other
interventions for sleep quality. Abbreviations: HE ¼ health education; TAU ¼ treatment
as usual.

review is based on 17 trials, which included 1645 patients
randomly assigned to 13 comparators. None of these studies reported objective sleep measurements, which means that current
evidence can only relate to subjective sleep quality. We found that
all treatments but moderate aerobic exercise alone and meditation
outperformed passive control. Combining mind-body exercise with
treatment as usual had an additive effect. Vigorous strength exercise and mind-body exercise in combination with treatment as
usual were the only two treatments that were more efﬁcacious
than treatment as usual alone. None of the exercise interventions
was signiﬁcantly less efﬁcacious than treatment as usual. Our results indicate that besides the recommended ﬁrst-line treatments,
various additional treatment options appear similarly beneﬁcial in
improving sleep quality in depressed patients. This ﬁnding may be
particularly pertinent to health care providers when making
treatment decisions.

Fig. 5. Forest plot of pairwise meta-analysis estimates for sleep quality Abbreviations: TAU ¼ treatment as usual.
5

G. Brupbacher, H. Gerger, T. Zander-Schellenberg et al.

Table 1
League table with network (lower diagonal) and direct (upper diagonal) evidence.

6
Notes: Comparisons are reported in alphabetical order. Estimates are presented as column vs. row for the network meta-analyses (lower diagonal) and row vs. column for the pairwise meta-analyses (upper diagonal) to make
network and pairwise meta-analysis results directly comparable. Accordingly, negative values represent superiority of the column-deﬁning treatment in the network evidence (lower diagonal) and of the row-deﬁning treatment
in the direct evidence (upper diagonal), respectively; positive values indicate superiority of row-deﬁning treatments in the network evidence and of the column-deﬁning treatment in the direct evidence, respectively. Direct
evidence is based on pairwise meta-analysis where k > 1. Effect estimates are presented as standardized mean differences with 95% conﬁdence intervals. Signiﬁcant results are in bold. K ¼ number of trials per comparison.
t2 ¼ tau-squared. Abbreviations: HE ¼ health education; TAU ¼ treatment as usual.
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index: Hedge's g ¼ 0.98, 95% CI: 0.82, 1.15) [88] on sleep
quality are small and large, respectively. Therefore, our ﬁndings
indicate that the effect sizes of aerobic, strength, and mind-body
exercises are similar to those of tricyclic antidepressants and trazadone, but smaller than those of CBT-I. However, studies directly
comparing hypnotics, CBT-I and exercise are needed for deﬁnite
conclusions.

Considering that all three exercise types elicited effects may
point to potentially different mechanisms of action. These might
be primarily of physiological (e.g., production of myokines,
thermoregulation, exercise induced BDNF) or psycho-physiological (e.g., reduced anxiety, reduced autonomic arousal) nature.
Hence, investigating mechanisms of action seems to be a
particularly interesting avenue of future investigation. Future
studies should compare the additive effects of different exercise
modalities to treatment as usual, assess acute and long-term
effects, effects of exercise timing during the day, effects of
baseline ﬁtness or physical activity, as well as questions of
implementation (facilitators and barriers). Although network
meta-analyses have many advantages, some of the most pertinent questions of clinical decision making can be best answered
with individual patient data meta-analysis. Therefore, trials
should make individual patient data available whenever possible.
In general, trials should follow established reporting guidelines,
especially concerning the implementation and reporting of
randomization and allocation procedures, blinding outcome assessors when possible, and using intent-to-treat analysis.
Furthermore, exercise trials should register trial protocols to rule
out reporting bias. Collectively, these measures will reduce the
risk of within-study bias and increase conﬁdence in future
evidence.

Strengths and limitations of the study
The strengths of this review include the comprehensive and
updated search, complying with established reporting guidelines,
and simultaneously analyzing multiple comparators using network
meta-analysis. The latter is especially important since direct evidence is currently lacking. Thus, a comparison of different exercise
modes is often only possible through indirect evidence. Furthermore, we did not have to exclude any trials due to language restrictions. Vigorous strength was the only comparator which had
signiﬁcant differences at baseline, and if anything, this difference
would lead to smaller effects compared to passive control. There
was no evidence for inconsistency. Indirectness and heterogeneity
were low for most comparisons. All sensitivity analyses conﬁrmed
the treatment estimates. However, our review also has several
limitations. We excluded all patients suffering from another signiﬁcant physical disorder (e.g., cancer), although comorbid
depression [89] and insomnia [90] are frequent in these patients.
While this decision decreases indirectness, it also limits external
validity. The overall risk of bias was high for all trials. Within-study
bias was primarily due to a lack of blinding personnel, patients, and
outcome assessors. While blinding patients and personnel is
impossible in exercise trials, outcome assessors can be blinded.
Sample sizes were relatively small in most trials. Conﬁdence in the
ﬁndings was moderate to very low. This is primarily because
outcome assessors were not blinded and methods to avoid selection as well as reporting bias were not clearly described which led
to higher risk of within-study bias. Sleep quality data at follow-up
and data on important secondary outcomes (e.g. hypnotic use,
daytime sleepiness) was insufﬁcient to perform quantitative
synthesis.

Implications for clinicians and conclusion
Aerobic, strength, and mind-body exercises are low-cost, noninvasive, and non-pharmacological interventions. The latter is
speciﬁcally important for most patients who prefer nonpharmacological treatments for depression [91] and insomnia
[92]. Moreover, aerobic, strength, and mind-body exercises have an
antidepressant effect of a moderate-to-large size, comparable to
that of antidepressant medication [40,93e97]. Aerobic exercise also
improves quality of life [98] and cardiorespiratory ﬁtness in patients with depression [99]. The latter being especially relevant
since it lowers [100] the elevated cardiovascular risk of patients
with depression [101,102]. Thus, the ﬁndings of our network metaanalysis, which is the ﬁrst to show that the majority of exercise
treatments were similarly effective as treatment as usual, offers the
opportunity for individualized treatment choices which may
respect patients’ individual needs and preferences. This is especially interesting since self-selected exercise intensity seems to
elicit the strongest positive affective response in healthy individuals [103]. Lastly, we would like to point out the sensitivity
analysis, which was only based on trials that included participants
by a formal diagnosis of depression. In this sensitivity analysis, all
effect sizes were conﬁrmed, and some effect sizes even substantially increased.
This comprehensive review and network meta-analysis provides evidence that exercise, especially when combined with
treatment as usual, improves sleep quality in patients with
depression. However, given the risk of bias in individual trials
and small sample sizes, the conﬁdence in these ﬁndings is
moderate to very low. Authors of future trials examining the
effect of exercise in patients with depression should, therefore,
pay particular attention to methodological rigor, sufﬁciently large
samples, and explicitly reporting sleep outcomes. The latter is
especially important considering the pivotal role sleep plays
during treatment and in the prevention of relapse of a depressive
episode. These results consolidate the current state of evidence,
thereby facilitating evidence-based and more personalized
choices of patients, health-care professionals, and policy-makers.

Future research
There is a large number of trials comparing exercise with other
interventions in patients with depression. However, we had to
exclude most of these trials because sleep outcomes were not
explicitly reported (see Fig. 1 and supplementary ﬁle 1 section 4).
This lack of evidence is problematic, considering the importance of
sleep in onset, treatment trajectory, and relapse-prevention of
depression. Future trials should, therefore, include objective (e.g.,
polysomnography, actigraphy) and subjective (validated questionnaires, e.g., Pittsburgh sleep quality index) sleep outcomes. While
the latter are easier to implement, they also increase the risk of
detection bias. Despite our extensive literature search in 10 databases (incl. two trial registries) we did not ﬁnd any trial comparing
CBT-I to exercise which reported sleep outcomes. Such a comparison would be an important addition to the literature. Moreover, our
analysis shows that secondary outcomes such as adverse events,
dropouts, and daytime functioning as well as outcomes at followup (i.e., weeks or months after the intervention has ended) are
underreported. Future trials should report these outcomes since
they are essential to help gauge the beneﬁt-risk ratio.
The neuromuscular and cardiorespiratory challenges posed by
aerobic, resistance, and mind-body exercises are very different.
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Appendix A. Supplementary data
Practice points
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.smrv.2021.101452.

 The vast majority of exercise types analyzed are significantly superior to passive control in improving sleep
quality in depressed patients.
 Mind-body exercise has a statistically significant and
clinically relevant additive effect to treatment as usual.
 Implementing mind-body exercise as an add-on treatment seems especially feasible, as it does not require
special equipment and relatively little training.
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